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RESPONSES TO EJWRONMENTAL PROTEcTlON AGENCY (EPA) AND COLORADO 
DEPARTMENT OF HEALTH (CDH) COMMENTS AGAINST STATISTICS STRAWMAN - 
NMH-606-93 

Attached please find responses to comments made by EPA and CDH against the strawman 
that EG&G Rocky Flats and the Department of Energy, Rocky Flats Office distributed at 
our meeting September 29, 1993. These responses are similar to those contained in 
an earlier letter dated November 18, 1993 (NMH-598-93) but modified per your 
comments from the November 23, 1993 meeting with Steven Needler. The modified 
strawman gives the methodology which will be used on subsequent site-to-background 
comparisons. 

Attachment A contains the responses to EPA and Attachment B contains the responses to 
CDH. The revised strawman is also attached (C). If you have questions or comments, 
please contact Steven Needler at extension 6961. 

Ned M. Hutchins, Acting 
Associate General Manager 
Environmental Restoration Management 
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Orig. and 1 cc - M. H. McBride 

Attachments: 
As Stated (3) 

cc: 
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M. N. Silverman - 
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AITACHMENT A 

Response to EPA: Hestmark letter 8HWM-FF received 10/25/93 

1. To determine the appropriate background and operable unit populations for comparison, we 
understand that some matching of the two populations is done by geologists and chemists. 
Data for an analyte in a non-background area are grouped according to a combination of 

. 

background classes which represent independent background populations. A table that cross 
references the operable unit populations and the background populations will be provided. 

I. 

Concur. The strawman has been changed to require tables that cross-reference OU 
media to background media. 

2. A more explicit statement of the null hypothesis that is being tested will be included. In 
addition, a fixed p value of 0.05 will be used for each of the inferential statistical tests as 
written in the strawman proposal. There was some inconsistency in what was written in the 
proposal and what was stated in the meeting regarding the p value, A fixed value of 0.05 is 
what we will accept. 

Concur. The strawman states that p values must be less than or equal to 0.05 to 
demonstrate a significant difference from background. Footnote 3 on page 5 of the 
strawman, which was not clear on this point, has been deleted. 

3. All references to comparison of background and operable unit populations for organics will 
be removed. Background comparisons apply to inorganics and radionuclides only. 

Do not concur. Although background comparisons for organics are not commonly 
used, there are instances when it may be applicable, in which wide-ranging organic 
contamination is due to non-site-specific anthropogenic sources. We want to retain the 
option of performing background comparisons for these organics, when geochemists or 
geologists determine that it is applicable to do so. In these instances, we will retain 
the burden of proof, and the applicability of the comparison will be subject to EPA 

, -  

-- and CBH approval. . 
\ 

The strawman has been rewritten to state that background comparisons for organics 
will be done on a limited, case-by-case basis, subject to EPA and CDH approval. 

. _ _ _ . _ . .  - .  - . . ... . . . . .. . .  - .  . : - . . .. 
." -4. The use of professional judgement in interpreting the results of the graphical displays and 

statistical analises will be limited to consideration of spatial distribution, temporal 
distribution, and pattern recognition concepts. The strawman proposal included five 
additional criteria. These will be deleted in the final implementation document. 

Concur. The five criteria (intermedia interactions and geochemical processes, not an 
expected contaminant, blank data, regional background range, and influence of field 
activities) have been deleted. 
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5 .  The non-background population is defined as the entire operable unit remedial investigation 
set. The data aggregation for the purpose of background comparison will be done within the 
area defined by the operable unit bo.undaries. 

Concur. Analysis will be done on an OU-wide basis. 

6. The attached flowchart, "Background Comparison Metliodology" , distributed at the 
meeting will be clarified. It is EPA's understanding that the data sets will undergo the hot 
measurement test g& the battery of inferential statistical tests (Gehan, Quantile, Slippage, and 
T-Test) provided the data satisfies the conditions stated in the strawman and on the flowchart. 
If any one of these tests, including the hot measurement test, shows significance, the analyte 
will be further considered, using professional judgement, & a contaminant of concern. The 
flowchart would benefit from the addition of decision blocks after each test indicating the next 
step if significance is demonstrated or not. 

Clarification. The chart "Background Comparison Methodology" attached to EPA ' s 
memo is not the same as that distributed at the September 29, 1993 meeting and 
contained within the strawman proposal. The difference is that nonparametric 
ANOVA tests are given as options to the Gehan test in the chart within the strawman 
proposal. Because the Gehan method is not standard and will therefore incur practical 
liabilities (e.g., the method has not been adequately tested and verified, preliminary 
usage shows it to require excessive man-hours, and subcontractors will need to be 
instructed in its use), we want to retain the option of performing standard 
nonparametric ANOVA testing, using the Wilcoxon or Kruskal-Wallis tests, instead of 
the Gehan test. 

Additional clarification. All tests will be performed, if applicable, regardless of 
whether other tests demonstrate significance. 

Concur with the need to redo the flowchart. This has been done. 

6. (continued) We also have some specific questions that need to be addressed in the final 
document: 

a. What happens to data which is carried through the slippage test but does not qualify for the 
t-test? 

Clarification. The data that do not qualify for the t-test will be routed to the "At Least 
One Test Significant?" block. The flpwchart has been revised to show this. 

b. What is the basis for the 20% detect value as the criteria for the Quantile test? How does 
this criteria relate to the criteria for applying this test as stated in Dr. Gilbert's report on page 
20? 

Clarification. Dr. Gilbert's method proposed looking up tabulated values for n and r 
parameters. The quantile test could be correctly applied only if the largest n values 
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were all detects. Our statisticians have stated that, typically, this restriction equates to 
the largest 20% or less of the combined sample sizes being detects, and recommend 
using a flat 20% to simplify application. 

'c. What is the basis for the criteria of N > 20 value for background and operable unit data? 

Clarification. Our statisticians derived this value from application of the Central 
Limit Theorem for a two sample problem. If both samples have N=20, then there 
will be 38 total degrees of freedom, which will permit assumptions about the 
distribution. 

7. EG&G's claim that these impacts [of implementing Dr. Gilbert's recommendations] could 
range from $30,000 up to $120,000 per operable unit is not supported by the information 
provided. In fact, it appears that there is some evidence that implementation will not 
negatively impact costs or schedules. 

Do not concur. EG&G had provided reasoning behind these estimates in memo 93- 

COMPARISONS AT THE ROCKY FLATS PLANT - NMH-463-93) dated September 
15, 1993. Because the Gilbert method requires additional work, there will be cost 

RF-11078 (STATISTICAL METHODOLOGY FOR BACKGROUND AND 

and/or schedule impacts. 

In addition to the impacts mentioned above, significant cost impacts are anticipated to 
result if the Gehan method is used. For OU11, approximately 200 hours were 
required to perform the Gehan test, when less than 40 hours would have been 
sufficient to perform standard ANOVA testing. 

. . . . . .  ... 
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ATT'ACHMENT B 

Response to CDH letter "DOE Proposed Methodology for Statistical Comparison of Remedial 
Investigation Data at the Rocky Flats Plant" ffom G. Baughman to R. Schassburger, dated 
1 O/ 13/93 

1. To minimize any potential future misunderstandings of this agreement, the Division feels 
that it is critical for the Agencies to develop a formal guidance/policy document 
institutionalizing the agreement. The Strawman document was written for the purpose of 
facilitating agreement among the Agencies. However, the end users of this document will be 
the operable unit managers and sub-contractors preparing and reviewing RFI/RI reports. The 
majority of these people were not involved in the development of this methodology. It is 
critical to the future of this agreement that final documentation of this agreement be 
developed to clearly and concisely guide future end users in the implementation of this 
methodology. This formal guidance should be completed in parallel with the implementation 
of the agreement. 

Concur. When the strawman has been completed and accepted by all concerned 
parties, it will then be rewritten as a procedure for statistical comparison of OU data 
to background: 

2. The Division recommends that the title of this document be revised to more accurately 
reflect its content and intent, that being methodology and guidelines for the comparison of site 
data to background data. The Division proposes the title, "Guide for Conducting Statistical 
Comparisons of RFI/RI Data and Background Data at the Rocky Flats Plant," for 
consideration. 

Concur. The CDH's proposed title is an improvement to the current title, and has 
been adopted. 

3. One of the central themes of Dr. Gilbert's recommendations was the need for statisticians 
to be involved throughout the entire process. However, statistician involvement is not 
discussed in the methodology. The division requests that the role of the statistician in 
implementation of this methodology be clarified in this document. 

Concur. Statisticians will be employed to verify that the methods used are correct. 
The strawman has been rewritten to incorporate this. 

b 

4. The Division does not beIieve that references to specific DOE sub-contractors are 
appropriate in this document. The Division recommends DOE review all references to sub- 
contractors and, where appropriate, modify the reference to more accurately reflect DOE'S 
role and responsibilities. 

Concur. References to DOE subcontractors have been eliminated. 



5 .  This section (Determine Background and OU Target Populations) outlines the steps for 
matching site and background populations. However, i t  is unclear exactly how the matching 
will be implemented. The Division recommends that the rationale for combining 
medidgeology groupings for testing be detailed in this section. For example, any  criteria for 
minimum group size necessary for statistical testing should be specified. The Division further 
recommends adding a table or diagram depicting the general rationale for grouping data by 
media and geology. 

Concur. The strawman states that the OU will match one or more of several 
specified background media. In addition, the strawman has been changed to require 
that a cross-reference be performed between the site and one or more background 
media. 

6. As discussed during the September 29th meeting, and emphasized by Dr. Gilbert, it is 
critical to statistical hypothesis testing that the hypothesis to be tested is explicitly defined and 
clearly stated. The Division recommends a statement of the test and null hypotheses, in both 
"english" (narrative qualitative description) and statistical terms, be added to this section of 
the methodology so there is no misunderstanding of what is being tested. This statement. 
should also address confidence and power requirements for the tests. 

Concur. The strawman has been modified to require statistical and prose statements 
of the null and alternative hypotheses. 

7. The Division does not agree with the blanket statement at the beginning of this discussion, 
"Under current IAG schedule conditions, analytical data will not be 'validated' when.the 
background comparisons will be made in each draft repon." This claim is not subs'antiated 
by the schedules submitted by DOE in the approved OU work plans and is in direct 
contradiction to Dr. Gilbert's Task 5 recommendations. Dr. Gilbert states that, "These data 
quality evaluations are conducted prior to descriptive graphical analyses and formal statistical 
tests. I' In finalizing this methodology, the Division recommends that DOE follow Dr. 
Gilbert's recommendations for data validation before formal graphical presentation and 
statistical testing. The need for variance from this approach will be considered by the 
Division on an OU specific basis. 

Do not concur. Under the present system of data validation, the non-validated data 
are used only for the draft RFI/RI. The final RFI/RI is based solely upon validated 
data. The lag time between receiving data from the laboratory, and validated data 
from the independent subcontractor can exceed one month. Waiting for 100% 
validation may impact schedules, but will probably not change the results in the final 
RFURI. The potential impacts of using non-validated data at each OU will be 
discussed on a case-by-case basis. 

8. The Division recommends DOE add a discussion of detection limits to this section of the 
methodology. In the past there has been confusion as to what detection limits are being 
reported and used (instrument detection Iimits v s  contract limits v s  reporting limits). Part of 
this confusion may be beczuse detection limits have not been formal discussed. This section 
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should state what detection limits are to be used in statistical testing and how they are 
determined from the RFEDS data set. 

Concur. The strawman addresses detection limits, and it specifies how determinations 
are made on how to handle non-detects. 

9. The Division recommends that this section (Preliminary Exploratory Data Apprakal) be 
moved to the Data Presentation section. 

Clarification. We have determined that this section is not necessary, and its steps are 
generally redundant with the Data Presentation sections, and so we have deleted this 
section. 

10. The Division interprets this section as describing the informal data analysis conducted 
during RFI/RI preparation and not normally included in the formal RFI/RI report. The 
Division recommends adding language to indicate that this informal data analysis will be 
made available and reviewed with the regulators in evaluating the appropriateness of the 
scope of the formal RFI/RI proposal. 

Clarification. We have determined that this section is not necessary, and its steps are 
generally redundant with the Data Presentation sections, and so we have deleted this 
section. 

11. The Division does not agree with DOE's recommendations that box plots are applicable 
only when there are no non-detects. The problem of estimating percentiles for data sets with 
multiple non-detects was not resolved by Dr. Gilbert. The Division recornmends that when a 
reasonably small percentage of non-detects are present, percentiles be estimated using 
Maximum Likelihood Estimation (MLE) techniques in constructing box plots. 

Concur, We will provide box plots unless the percentage of non-detects exceeds 
50%. The 50% figure is chosen for consistency with the 1993 Background 
Geochemical Characterization Report (September 30, 1993). 

12. The Division does not agree with DOE's suggestion that histograms are not useful for 
small or highly censored data sets, such as inorganics. As stated by Dr. Gilbert, such 
histograms are not likely to be useful in  visually assessing whether the data sets are better 
modeled by a normal or lognormal distribution. However, they may still be useful to visually 
compare the spread, central tendency, and skewness of the two data sets to look for 
differences that may be important. 

Concur. We will provide histograms .unless the percentage of non-detects exceeds 
50%. Bars in the histogram will be shaded to indicate the percentage of detects and 
non-detects within each bar interval. 

13. The Divisim recommends that a discussion be added to this section of the methodology to 
address what to do when a UTL 99/99 can not be reasonably estimated or is unknown (ie 
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small or highly censored background data set). 

Concur. We have modified the strawman to state that professional judgement and use 
of geochemical standards will be used. The result will be a geochemical interpretation 
of data, subject to agency review and approval. 

14. The reference in Footnote 2 to OU 1 is not appropriate and should be removed. The 
inferential tests conducted at OU 1 were the result of a compromise agreement, are not 
precedent setting for other OUs and are not the tests being proposed in this document. 
However, as stated in this note, limited professional judgement as presented later in this 
document may be applicable. 

Concur. This footnote has been deleted. 

15. This discussion (Footnote 3) should be moved to the DQOs or statistical test definition 
section of the document. 

Clarification. This footnote has been deleted. We intend to use a p value of 0.05, 
and the footnote made that intent unclear. 

16. The Division does not agree with the limitations DOE has placed upon the Slippage Test. 
The slippage test can be applied to data sets when the largest background point is a non- 
detect. If the largest background data point is a non-detect then logic must be applied to 
determine if the slippage test is applicable, but the test should not be categorically eliminated. 

Concur. We have rewritten the strawman to state that, if the largest background data 
point is a non-detect, we will apply judgement to investigate whether or not the 
slippage test is applicable. 

. 
17. The Division recommends limiting the use of professional judgement to the first three 
criteria; spatial distribution, temporal distribution, and pattern recognition. In addition, it is 
recommended that the introduction to this section include acknowledgement that in applying 
professional judgement, the "burden of proof" lies solely on DOE. Professional judgement 
will only be considered by the Division on a limited basis where well documented and 
defensible evidence is presented. 

Concur. We have eliminated the last five criteria from the strawman, and 
acknowledged that we will bear the burden of proof. 

18. To make the process more efficient the task of eliminating non-detected analytes should 
be completed prior to data presentation. The flow chart should be modified to reflect this 
change. 

Concur. We have changed the flowchart. CDH's comment improved the process. 

19. This flow chart is confusing and difficult to follow due to the many multiple and 



I .  

undefined branches. To minimize the potential for misunderstanding this chart must either be 
clarified or deleted. 

Concur. The flowchart is too important to delete. It h a s  been clarified. Lines 
denoting the flow of in'formation have been deleted, keeping only the lines denoting 
flow of control, in accordance with common flowcharting techniques. Decision blocks 
have been transformed into diamond shapes. Alternative "No" paths have been added 
for the blocks labeled "No Non-Detect Present.. .OU Data Normally Distributed?", 
and "At Least One Test Significant?" Finally, the block representing the conditions 
which must be met prior to performing the t-test has been changed to reflect the 
conditions given in the text. 

. 
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Guide for Conducting Statistical 
Comparisons of RFI/RI Data and Background Data 

At  the Rocky Flats Plant 

General 

This document is intended to provide guidelines for OU-to-background comparisons of data, and 
to explicitly discuss approaches to the issue of determining OU-specific contamination. The OU- 
to-background comparison will be applied for inorganics and radionuclides. In addition, the 
comparison may occasionally be performed for organics on a limited, case-by-case basis, subject 
to EPA and CDH approval. 

It is important to establish a common approach leading to a common list of possible contaminants 
for each OU. To this end, the Figure GENERAL APPROACH TO DETERlLlnVnVG 
"CONTAMINANTS" was developed. In this general technique, a "Tool-Box" approach is 
employed to arrive at one common list of contaminants for each OU (or subdivision), for all 
functional aspects of the RFI/RI and CMSIFS. 

As indicated, several disciplines such as the Human Health or Ecological Risk Assessors and 
Regulatory specialists may pare the list of contaminants to "Contaminants of Concern" (COCs) 
based on factors germane to their application (e.g., toxicity). 

The text below follows TASK 4: FLOWCHART FOR COhPARIXG OU DATA TO 
BACKGROUN4. 

Start 

Determine Backaround and OU Tarzet PoDuIatiorq 

Appropriate geographical, geological, and temporal data sets will be defined for comparison. 
This is essentially a matching exercise so that Site (OU) data sets are comparable to background 
sets. Consideration will be given to issues such as: 

i 
Geologic materials 
Hydrostratigraphic unit  
Temporal comparability 
Sample size for statistical tests 
Confidence in geo/hydrologic regime determination 
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The background data sets will be taken from the current version of the Background Geochemistry 
Report. The following media have defined backgrounds: groundwater (Rocky Flats Alluvium, 
valley fill alluvium, colluvium, weathered sandstone, and unweathered ArapahdLaramie 
formation rocks), surface water (Rock Creek and Woman Creek), seeps, stream sediments (Rock 
Creekand Woman Creek), seep sediments, and soils (Rocky Flats Alluvium, colluvium, surficial, 
weathered claystone, and weathered Arapahoe, Laramie sandstone). Tables that cross-reference 
site media to background media will be provided. 

Set DOO's 

DQOs are established to define data needs for each of the RFIIRI tasks, coordinate that collection 
activities support those needs, and ensure the quality and quantity of resultant data. Three stages 
are used in the development of DQOs: 

Identify Decision Types: 
Identify and involve data users, 
Evaluate available data, 
Develop a conceptual model of the study site, and 
Specify RFI/RI objectives, and anticipate the decisions necessary to achieve the 
objectives. 

Identify Data Uses and Needs: 
Identify data uses, 
Identify data types, 
Identify data quality needs, 
Identify data quantity needs, 
Evaluate sampling and analysis options, and 
Review data precision, accuracy, representativeness, completeness, and 
comparability (PARCC) . 

Design Data Collection Program: . 
Assemble data collection components, and 
Develop data collection documentation. 

Data ColIection and Validation .. _ -  

Under current IAG schedule conditions, analytical,data may not be 100% "validated" when the 
background comparisons are made in each draft report. The potential impacts of using non- 
validated data will be discussed on a case-by-case basis. 

Data Presentation 
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Several data presentation techniques were, identified by Dr. Gilbert as appropriate for different 
conditions. To perform them all for all compounds in a standard full suite is not necessary when 
it is clear from a preliminary review that the vast majority of data points for some compounds 
are entirely or almost entirely non-detects. 

Accordingly, we have refined the methodology as follows: 

Box plots will be used when the percentage of non-detects is 50% or less. 

Histograms will also be used when the percentage of non-detects is 50% or less. Bars 
in the histogram will be shaded to indicate the percentage of detects and non-detects 
within each bar interval. 

Probability plots, ordered listings, and other graphics will be used as appropriate. 

As indicated by the OU1 process, visual presentation of the data is important. Interpretable 
graphics will be produced to the extent that they facilitate analysis. In general, graphics will be 
a central feature of analysis. 

BACKGROUND COMPARISON METHODOLOGY TOOL BOX APPROACH 

Employing: Bounding-Benchmark Comparison (Hot Measurement), Inferential Statistics, and 
Professional Judgement 

. .  ;.:.::.: , . .  . General . . .. ,: 
. . . .. 

. -. . .. . 
. .  

, .  . . .  . . .  
. .  

. ... . .. . . .... . . .. .. . 
.. . . . . . . .: .. . ,. . .. . . .  

.'- The tool-box approach employs a bounding-benchmark comparison, inferential statistics, and 
professional judgement. This approach was forwarded in the OU1 comment-resolution process, 
endorsed by Dr. Gilbert, and is widely applied in the hazardous waste industry and environmental 
business across America. It employs a "weight-of-evidence" framework wherein all three aspects 
are factored into the determination of what is a Site (OU) contaminant. Statisticians will be used 
to verify that the methods used are correct. 

. .. .. . . .... 
. 

. .  BoundinP Benchmark ComDarison . ... "Hot Measurement Test" ComDonent .. _. . . . 
. . ~ . . . . .  

. .  
. .  . . .  . .. . . .._ 

o . A hot-measurement test will be performed:,that will compare each analyte concentration 
to an upper-limit value for that analyte. 

o The upper-limit value will be the value at which there is a 99% confidence that 99% of 
the background distribution will be below this value (mm). If the U T L m  cannot 
be calculated or reasonably estimated, then background values from technical literature 
and professional judgement will be used. The resulting geochemical interpretation of data 
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will be subject to Agency review and approval. 

0 The U%m is required instead of a toxicity-based value because a single list of potential 
contaminants must be used by many disciplines (Human Health, Ecological, Regulatory, 
etc.,) to ensure consistency across the RFI/RI and CMS/FS Reports. The subjective 
nature of what is "hot", as well as toxicity and ARAR considerations, will be dealt with 
by the specialists who determine COC's specific to their discipline. See the Figure 
UPPER TOLERANCE LIMITS BY GEOLOGIC UNIT for a comparison of UTL's 
and Human Health Toxicity-based " Hot-Measurement'' values. . .  

0 In addition to ensuring that high concentrations do not get overlooked, the U T b , w  is an 
important tool for identifying locations of suspected elevated concentration in the nature 
and extent section. 

Background ComDari son Using Inferen ti a1 Statistical Methods 

Based on Dr. Gilbert's work, the following inferential statistical tests will be used to compare 
background data sets to data sets compiled at the Operable Units (OUs). These data sets will be 
compiled and compared by analyte, and by the correct background data set (Le., colluvium, 
alluvium, alluvium + colluvium, surface soils, ex. [See Determine Background and OU Target 
Populations]). 

It should be noted that Dr. Gilbert's recommendations establish a framework that emphasizes 
using the most appropriate test available. Thus professional judgement will be necessary both 
in application of inferential tests, as well as their interpretation. Additionally, within the 
framework of a battery of tests drawn from a "tool box" of methods, it is requested that EPA 
and CDH remain open to consultation on the use of other tests as appropriate. 

The results of all tests (hot-measurement, inferential) will then be evaluated in light of 
professional judgement. This process is depicted on the figure BACKGROUPc'D 
COMPARISONS METHODOLOGY. , 

If hot-measurement or inferential statistical tests show that the concentration of a given analyte 
in the OU data set is not greater than the concentration'in the background data set, and if 
considerations in the professional-judgement arena do not override, then the analyte is considered 
not to be a contaminant. 

If either the hot measurement test or at least one inferential statistical test shows that the 
concentration of a given analyte in the OU data set may be greater than the concentration in the 
background dara set, then professional judgement (using temporal and spatial analysis, as well 
as pattern-recognition concepts) is again applied to see if the analyte concentrations in the two 

. 
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data sets are actually different. 

After the hot-measurement test and prior to the use of statistical testing, the issue of non-detects 
must be dealt with for all tests except the Gehan test, which can be applied with non-detects 
present. For all other tests, nondetects should be replaced with a value of 0.5 times the 
applicable detection limit, following EPA guidance (Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance, July 1992), but 
realizing the performance of simple substitution decreases with an increasing proportion of non- 
detects. 

The handling of non-detects, and the presence of multiple detection limits in the WEDS data 
base, requires the use of good professional judgement along with the general guidance offered 
here. The use of graphical dispIays of data will assist in the handling of high-value non-detects. 

A discussion of detection limits will be given at this point. 

Gehan Test or NonDarametric ANOVA Test 

o The Gehan test is a nonparametric test and can be used when multiple detection limits are 
present. The Gehan test will be applied without replacing mon-detects. These are the 
principal favorable attributes of the Gehan test. 

0 Standard nonparametric ANOVA tests (Wilcoxon Rank Sum and Kruskal-Wallis) are 
widely used in environmental assessment, and are discussed in EPA guidance (Statistical 
Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim 
Final Guidance, July 1992). These tests require replacement of non-detect values, either 
by simple substitution or maximum-likelihood methods. 

For the Gehan or nonparametric ANOVA test, a p-value wiIl be generated and p-values 
that are equal to or less than 0.05 will normally be considered indicative of a significant 
difference from background. Statements of the test and null hypotheses will be given, in 
both statistical and narrative terms. 

0 

. .  
Ouantile Test 

. . . . . . .  . .  __ . . . .  . . . . .  . . . . . .  . . .  . . .  . . . . . . .  .- _. _-_ -~:“,;:&.y.--.. . . . .  . . . . . . . .  . . . .  . . . . . . . . . . .  
. .  . . .  _. ...- 

o The quantile test is also a nonparametric t&it and can be‘considered as a rapid screening 
test. 

0 Due to limitations in the quantile test, the test will only be used if the largest 20% of the 
combined background and site data are detects. 

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
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a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

Slimape Test 

o The slippage test is a nonparametric test and can be considered as a rapid screening test. 

0 Due to limitations in the slippage test, the test will possibly not be used if the largest 
background value is a non-detect. If the largest background value is a non-detect, then 
professional judgement will be applied to determine whether or not the slippage test is 
applicable. For example, if the second largest background value is a detect and is similar 
in value to the largest background value, it could be used in place of the largest value 
(although the replacement must be taken into account when interpreting the test results). 

o A p-value will be generated and p-values that are equal to or less than 0.05.will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

T-Test 

0 The t-test is a parametric test and is very commonly used when testing the difference 
between means of two data sets. 

0 Due to limitations in the t-test, the test will be applied in cases where both background 
and OU data are normally or log-normally distributed and contain at least 20 data points, 
and less than 20% of the background and OU data are classified as non-detects. 

0 A p-value will be generated and p-values that are equal to or less than 0.05 will indicate 
a significant difference from background. Statements of the test and null hypotheses will 
be given, in both statistical and narrative terms. 

Due to their wide use in statistical applications, including regulatory settings, it is possible that 
ANOVA (parametric and non-parametric) tests may qualify as the most appropriate tests, 
notwithstanding their limitations with non-detects and multiple detection limits. DOE and its 
contractor shall confer with EPA and CDH, and seek regulatory assistance prior to the use of 
these tests, and any other tests deemed applicable, as appropriate. For example, see the attached 
Figure 1-2, SELECTIOX OF STATISTICAL METHOD FOR COMPARISON OF 
BACKGROUND ANI NONBACKGROUND POPULATIONS, from the 1993 Background 
Geochemistry Report. 

Professional Jud lzemen t 
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The following general guidelines will be used individually and collectively, in conjunction with 
the above comparison and statistical "tools" to ascertain if a reported analytical detection(s) 
constitutes contamination at the OU. When professional judgement is applied, documented and 
defensible evidence will be furnished, and DOE will bear the "burden of proof". 

0 Spatial distribution of analytes above background are or are not indicative of 
contamination due to waste-related activities at the OU. Spatial plots, interpreted in a 
source-to-receptor conceptual model, in addition to compound-specific mobility 
considerations, generally assist in interpretation of inconclusive results. 

0 Temporal distribution of analyte concentrations at a station indicates the "high" value(s) 
is(are) outlier(s). Time-series plots at wells or surface-water locations can generally be 
used to link apparently insignificant outlier reports to seasonal or hydrological 

. phenomena, and vice versa. 

0 Other associated analytes are determined not to be contaminants in the sample or at the 
station. Then this may be added to cumulative evidence ("burden of proof") that the 
analyte in question is not a potential contaminant of concern. Pattern recognition 
concepts are useful in identifying anomalies as well as confirming "fingerprint" 
associations. 
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SURFlClAL SOILS FROM ROCK CREEK 
TOTAL METALS 

.. -.. . .  
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Beryllium 

c 

MEAN SfDDEV N TOLFkCT 99199Lm UNITS 

12992.9 2251.53 
'10.525 1.724 
5.817 1 .81 8 
195.2 84.63 
0.983 0.256 
1.048 0.362 

5068.1 2220.5 
61.43 61.43 
15.207 2.798 
7.781 4.305 
12.964 3.629 
15381.7 3226.62 
37.535 6.024 
10.98 2.273 

2853.3 1049.95 
443.67 457.01 
0.09256 0.0306 
3.31 997 1.59652 
12.578 . 3.588 
2971.9 575.47 
0.4785 0.1468 
780.99 700.452 
1.728 0.693 

175.14 75.031 
35.331 13.81 1 
0.3773 0.1204 
38.346 9.2105 
3i .603 6.049 
55.824 7.795 

18 
18 
18 
18 
18 
17 
18 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
i 8  
18 
18 
18 
18 
18 
16 

3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
4.0367 
3.9604 
3.9604 
3.8924 
3.9604 
3.9604 
3.9604 
3 . m  
3.9604 
3.9604 

* 3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 

.3.9604 
3.3604 
3.9604 
3.9604 
3.9604 
3.56W 
2.8634 
3.9604 

21909.86 
17.35 
13.02 

530.37 
2.00 
2.51 

13862.1 7 
304.72 
26.10 
24.83 
27.34 

28160.41 
61.39 
19.98 

701 1.52 
2253.61 

0.21 
9.64 
26.79 

5256.99 
1.06 

3555.06 
4.47 

472.29 
.90.03 
0.85 
74.82 
55.56 
66.70 

MGKG 
MGKG 
MGKG 
MWKG 
MGMG 
MGKG 
MGKG 
MGfKG 
MGlKG 
MGKG 
MGIKG 
MGtKG 
MGKG 
MGIKG 
MGlKG 
MGtKG 
MGlKG 
MGKG 
MGtKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGKG 
MGKG 
MGKG 
MGlKG 
MGIKG 
MGlKG 

~~~~ ~~ 

SURFlClAL SOILS FROM ROCK CREEK 
TOTAL RADIONUCLIDES 

I MEAN STDDEV N TOLFACT 99199UTL UNRS 
I 

Americium-241 
.Cesium1 37 
Gross alpha 
G r o u  b e t ~  
Plutonium-239,240 
Kadium-226 
ksdium-228 
Strontium-89.90 
Uranium-233.234 
Uranium235 
Uranium238 

0.01854 
1.41 . 

19.825 
32.031 
0.05523 
0.94538 
2.1 767 
0.61 833 
1.14497 
0.05263 
1.18301 

0.0092 
0.4897 
4.916 
5.699 

0.02023 
0.12813 
0.5309 
0.29768 
0.1 5557 
0.03271 
0.18799 

15 
12 
10 
19 
18 
10 

' 9  
16 
16 
16 

: 10 

4.2224 
4.633 
5.0737 
3.8924 
3.9604 
5.0737 
5.0737 
5.3889 
4.1233 
4.1233 
4.1233 

0.05 
3.68 
4 .n 
5221 
0.1 4 
1.63 

2.22 
1.79 
0.19 
1 .96 

4.87 

PCUG 
PCUG 
PCUG . 
PCUG 
PCUG 
PCllG 
PCUG 
PCUG 
PCUG 
PCItG ' 

PCUG 



- -  
a .  

~ ~ _ _  ~ 

SURFlClAL SOILS FROM ROCK CREEK 

. . .  
. . . . . .  

. . . . . . .  - . . . . . . . . . . . . . . . .  . . .  ._ , - .-. . . . . . . . .  

TOTAL METALS 

M e  

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
cow 
copper 
Iron 
Lead 
Uthium 
Magnesium 
w g -  
MefCllfY 
Molybdenum 
Nickel 
Potassium 
Selenium 

. Silicon 
silver 
Sodium 
Strontium 
Thallium 
T n  
Vanadium 
Zinc 

MEAN &DEV N TOLFACT 99/99UTL UNITS 

12992.9 
10.525 
5.817 
1 95.2 
0.983 
1 .wB 
5068.1 
61.43 
15.207 
7.781 
12.964 

15381.7 
37.535 
10.98 

2853.3 
443.67 

0.09256 
3.31997 
12.578 
2977.9 
0.4785 
780.99 
1.728 
175.14 
35.331 
0.3773 
38.346 
31.603 
55.824 

2251.53 
1.724 
1.818 
84.63 
0.256 
0.362 

2220.5 
61.43 
2798 
4.305 
3.629 

3226.62 
6.024 
2273 

1049.95 
457.01 
0.0306 
1.59652 
3.588 

575.47 
0.1 468 
700.452 
0.693 

75.031 
13.81 1 
0.1204 
9.2105 
6.049 
7.795 

18 
18 
18 
18 
18 
17 
18 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
4.0367 
3.9604 
3.9604 
3.8924 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 
3.9604 

21 909.86 
17.35 
13.02 
530.37 , 
2.00 
2.51 

13862.17 
304.72 
26.1 0 
24.83 
27.34 

281 60.41 
61.39 
19.98 

701 1.52 
2253.61 

0.21 
9.64 

26.79 
5256.99 

1.06 
3555.06 

4.47 
472.29 
90.03 
0.85 

74.82 
55.56 
86.70 

MGJKG 
MGKG 
MGIKG 
MGIKG 
MGIKG 
MGKG 
MGKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGKG 
MGJKG 
MGJKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGJKG 
MGJKG 
MGJKG 
MGKG 
MG/KG 
MGJKG 
MGJKG 
MGJKG 
MGJKG 
MGIKG 
MGKG 

..SURFlClAL SOILS FROM ROCK CREEK . - - I  . .  

TOTAL RADIONU 
_ . -  J 

Americium-241 
Cesium137 
Grosa alpha 
Gross bsta 
Plutonium-239,240 
Fhdium-226 ' 

Radium-228 
strOntium-a9,90 
Uranium-233,234 
Uranium235 
Uranium238 

LlDES 

MEAN STDDEV N TOLFACT 9 9 1 9 9 V n  UNITS 

0.01854 0.0092 15 4.2224 0.06 PCVG 
1.41 0.4897 12 4.633 3.68 PCUG 

19.825 4.916 10 5.0737 44.77 PCVG 
32.031 5.699 19 3.8924 54.21 PCllG 
0.05523 o.oM23 18 3.9604 0.1 4 PCVG 

PCVG 
21767 0.5309 '10 5.0737 4.87 PCVG 
0.61833 0.29768 & 9  5.3889 2.22 PCVG 
1.14497 0.15557 16 4.1233 1.79 PCUG 
0.05263 0.03271 16 4.1233 0.19 PCUG 
1.18301 0.18799 16 4.1233 1 .E PCVG 

0.99538 0.12813 10 - -- 5.0737- 1.60 

. . . . . . . . .  . . . . . .  . . .  

When "TOL FACT is the tolerance factor for the 99/99 Un. and "SlD DEW u the standard 
dcviation for sample size, N. The 99/99 UTL is calculated as (TOL FACT' STD DEV) + MEAN. 
Metals a n  89-percent validated, and radionuclides a n  64-perccnt validated in this table. 
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